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•  1.  IRONIC  RINO  MILITARY  ACTIVITY 


Foreign  Technology  Division 
Wright-Patterson  AFB,  Ohio 


To  get  a  better  insight  into  phys.  properties  of  the  Fe-Si 
system  the  kinematic  viscosity  and  the  surface  energy  were 
calcd.  for  alloys  with  variable  amts,  of  Si.  From  the  slope 
of  log  given  vs  1/T  curves  the  activation  energy  was  calcd. 
and  the  change  in  the  isobar-isothermal  potential  given.  By 
plotting  the  given  potential  vs  T  it  was  possible  to  obtain 
the  energy  of  activation  of  viscous  flow.  The  dependence  given 
and  given  potential  on  the  alloy  compn.,  which  deviates  from 
the  rule  of  additivity,  shows  that  the  Fe-Si  melts  do  not  behave 
as  ideal  so'lns.  The  energy  of  activation  of  viscous  flow  should 
be  related  to  the  bonding  energy  in  the  melts  and  to  the  dimensions 
of  at.  assocns.  representing  the  units  of  viscous  flow.  A 
higher  energy  of  activation  of  Fe-Si  permits  concluding  that 
in  this  case  the  units  of  viscous  flow  are  the  quasimols.  of 
Fe-Si.  In  other  melts  together  with  quasimol.  complexes  par¬ 
ticular  atoms  of  the  component  in  excess  appear,  their  influ¬ 
ence  on  the  viscous  flow  being  essential.  At  higher  temps, 
the  no.  of  these  particular  atoms  is  slightly  increased  which 
contributes  to  a  decrease  in  the  activation  energy. 
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Investigations  o'*  hoat|  nnd  voTumo  efforts  In  mixing,  •  heat s 
of  fusion  and  a  number  of  oti  .r  characteristics  of  molten  alloys 

of  silicon  with  fourth  period  transition  motels  indicates  a  high 

onorgy  of  in  terse tior  o<*  dissimilar  atoms  and  their  severe  mlcro- 
hetcrogenoity  /l,  2/. 

Results  of  determining  viscosity,  surface  onorgy  and  density 
of  *’e-Si  alloys  are  'vro aanbod  below. 

Kinematic  viscosity  was  calculated  according  to  the  decre¬ 
ment  of  damping  of  a  cylindrical  crucible  with  tho  melt  /3/#  Sur¬ 
face  energy  and  density  ver o  determined  by  the  "large  drop"  method 

A#  5*  6/. 

On  the  basis  of  data  on  tho  relationship  of  kinematic  vis¬ 
cosity  of  tho  melts  Lo  ton  era  tune,  represented  in  Pig,  1,  it  is 

possible  to  calculate  the-  activation  onorgy  in  a  3traight-line 
slope  in  coordinates  lg  v--T"  ,  the  change  of  isobaric -iso thermal 
potential  A Z  ■  RT  Iniv-AfV*)  end  ;ho  energy  of  activation  of  vis¬ 
cous  flow  by  tho  tangent  of  the  straight  lino  In  coordinates • 

AZ--T  /7/. 

The  non-idealnoss  of  tho  examinee  system  can  be  confirmed 
by  the  relationship  of  v  end  AS  to  composition  as  shown  in  Pig.  2, 
which  does  not  conform  to  the  additive  mile. 

Prom  data  presented  In  Pigs.  1  and  ,?  it  follows  that  the 
activation  energy  of  vlscou”  flow  IE)  of  all  the  melts  iwith  the 
exception  of  Fo-Si  and  3i )  ' a  very  close  end  depends  vory  little 
on  temperature.  Trie  change  of  action  entropy  of  viscous  flow  is 
distinguished  by  this. 

Tho  magnitude  of  S  can  be  determined  basically  by  the  bon¬ 
ding  energies  in  the  molt  and  by  tho  dimensions  of  tho  atom  group¬ 
ings  which  are  units  of  viscous  flow.  The  higher  activation  ener¬ 
gy  for  Fe-Si  permits  ore  tc  suggest  that  the  units  of  viscous  flow 
in  the  melt  of  mono  si  11c  id'’  arc  evidently  "  qua  s  i  molecule  s"  of  Fe-Si 
/1»  2/*  In  melts  of  othe^  impositions  iFcjii,  Po21sill,  Fe^Si 
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Pig.  1.  Relationship  of  kinematic  viscosity  of  Fe-Si 
alloys  to  tomnoratxire:  ] — Iron;  2—25  At.#  Si 
lFe3Si);  3 — 34%  (Pe2iSi11);  4—37.5%  iFe^Si-jj; 

5— 50*  iFoSi);  6—67%  iFcSi,);  7—62*;  8—85* 

3i;  9— Silicon;  a— v*10^f  n^/sec.  . 


Pis.  2. 


arc  the  act’va'tion  energies  in  the  given  tempera¬ 
ture  interval  Z  •  10" 3  k joule s/kg-atom. 
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r’eSi^,  etc. )  along  with  the  quasimolecular  complexes,  in  which 
strops  homopolar  bonds  prevail.  Individual  atoms  of  the  excess 
component  /Pe-up  to  J> 0  at.  A  31  'ind  Sl-abvo  ?0  at. A  31/  have 
substantial  significance  In  viscous  flow.  Sizes  and  energies  of 
Interaction  between  them  is  nooroximntely  th*'  3ame  which  leads 
to  closeness  in  the  activation  energies  of  viscous  flow.  Certain 
differences  in  magnitudes  wore  probably  cussed  by  the  fact  that 
the  structure  and  composition  of  the  quar! molecular  groupings 
are  basically  determined  by  the  structure  and  composition  of  the 
soil  1  phase  and  varios  with  growth  of  No..  >Vith  increased  tempera¬ 
ture  the  energy  of  thermal  movement  of  the  particles  grows  which 
leads  to  a  decrease  In  the  .sizes  of  the  cybotactlc  groupings  in 
the  lolts  and  an  increase  1”  the  number  of  "free"  atoms.  This 
develops  with  some  decrease  *n  the  activation  energy  (see  Pigs. 

1  an  1  2). 


For  iron  monosilicic1  at  temperatures  above  1700  C  the 
activation  energy  turns  out  to  bo  higher  than  at  low  temperatures 
which  was  causod  by  a  change  in  the  mechanism  of  viscous  flow. 

Apparently  the  dissociation  of  "qua si molecules” ,  starting 
at  almost  1700  C,  initially  leads  to  a  dnersaso  in  t  .e  energy  of 
Interaction  botwoon  units  of  viscous  flow  which  bocomo  not  only 
"quasimolccules"  but  also  individual  atems  of  Iron  and  silicon. 


The  self -forming  structure  of  the  monosilieide  can  be  con¬ 
firmed, as  shown  in  Pigs.  3  and  <1,  also  by  the  shape  of  the  surface 
tension  isotherms  and  density  of  Fe-Sl  alloys. 


With  the  addition  of  silicon  to  iron,  as  a  result  of  a 
strong  interaction  of  the  dissimilar  atoms  (* <  cFeSi  ^Sl-Si^» 
qua3lraoleculur  complexes  are  formed  and  the  melt  acquires  a  micro- 
heterogeneous  structure  /l,  2/.  Here  single  cybotactlc  groupings 
are  enriched  with  these  complexes  and  the  others  with  iron  atoms. 
Inasmuch  as  the  interaction  of  aters  in  the  indicated  complexes 
taker,  place  primarily  in  the  directed  homopolar  bonds,  then  they 
turn  out  to  bo  relatively  weak  bonds  with  the  melt,  and  with  each 
other  and  flow  into  the  surface  layer  thus  lowering  tf.  According 
to  the  dogree  of  increased  silicon  content  the  eomnosition  of  the 
alloy  approximates  being  equiatomlc.  "Qunsimoleculvs  of  PeSi 
are  in  the  composition  with  structural  units  and  the  bonding  enor- 
gy  botween  them  is  quite  large  which  allows  one  to  talk  about  the 
relatively  high  surface  tension  of  the  melt  (almost  1210  ergs/cm^). 
With  a  further  increase  of  silicon  concentration  the  microhetero¬ 
geneity  of  the  molt  is  again  increased  and  forms  micro-groupings 
respectively  enriched  with  Po;:3iy-comp3cxes  a3  well  as  excess 
atoms.  Since  bonding  of  the  latter  with  the  moll  is  weaker  they 
flow  into  the  surface  layer  causing  n  lowering  of  its  surface 
energy.  This  finds  confirmation  ir.  the  concentration  relation¬ 
ship  of  silicon  adsorption  (wee  Fig.  4). 


Accuracy  of  the  presented  concepts  can  also  be  confirmed 
*>y  the  value  of  compression  observod  in  the  formation  of  melts 


Reproduced  from 
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Relationship  of  kinematic  viscosity  v,  change  in 
isobaric-i nothormnl  potential  az  an'l  activation 
energy  of  ’'Lscous  flow  E  to  composition  of  the 
alloys:  1--AZ,  1600  C;  ?—  V|.  l!;JO  C:  3--v„  1^00  C 
4— 1600  0;  5--v,.  1700  C:  6 — T  <1^70  C;  7— 
r  =  l^'70-17 °0  C;  a— V  .  10 7,  n‘y  see;  b~AZ  .  10?, 
ioules/]:G-n.,om;  c — 3j.  atonic  b. 


Pin.  h» 


1 30  the  ms  (1,'£0  C)  of 
sorption  of  silicon  10 
black  dots — data  from 
of  the  authors:  s--<r, 
C-aton/cm^’. 


surface  torsion  and  ad- 

of  molton  Fe-Si  alloys 
work  /}/,  white  dots--data 
ergs/cnr1;  •  10-*-  , 
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Pig.  5«  Relationship  of  molar  v V )  and  parr.ially  molar 

lV)  volumes  of  the  components  of  the  Pe-SI  alloys 
to  composition  at  155»0  C:  a— ■ Vt  cm^/g-atom; 
b--Si,  atomic  jb. 
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of  the  pure  molten  components  (Fig.  f?)»  The  maximum  values  of 
compression  UV  =  [(9.68-8. 3I4. )/8.  3ljJ  x  100  =  16%)  corresponds  to 

alloys  close  in  composition  to  oqu •'.’atomic  which  speaks  about  the 
high  energy  of  inter-particle  int  action  in  the,'). 

The  temperature  relationship  of  density  and  surface  energy 
in  the  first  approximation  car.  bo  represented  by  the  equations: 


^=?0-at;  ff  =  eo-bt 

where  t  is  temper aturo  in  °C  and  ^  ,  c  ,  a  and  b  are  constants 
presented  below: 


Bcc.  %  Si  ...  . 

7.0 

14,30 

23,18 

28,50 

33,46 

37.50 

50,3' 

66,50  100,00 

Po.  «/<••«* . 

7,G'i 

6,09 

0,06 

0,07 

6,57 

0,22 

5,32 

4,78 

3,11 

a  ■  101  tlcM*-epad  . 

7.7'. 

0,40 

7,01 

10,0 

10,4 

9,G 

8,0 

9,2 

4.0 

So,  jpt/rM*  .... 

19,85 

18,79 

1815 

1605 

1620 

1450 

1210 

1025 

884 

b,  ipt/CM-ipad  .  . 

0,250 

0,233 

0,300 

0,284 

0,333 

0,267 

0,217 

0,107  0,104 

Koy:  a- -Weight  7>  Si 
b-  f0,  g/u.d 
c--a*10^  g/cjiP-dog 
d--ff(j,  ergs/cm - 
e--b,  args/cn-deg 


KfiSitSst- 


Thus,  analysis  v)f  -mo  ii  3  therms  of  the  studied  characteris¬ 
tics  of  molten  forrcsilicl  tie  l  v,  AS,  3,  q,  ct,  G^,  V,  V)  indicate 
the  change  with  increased  r.:i j  Icon  concei,  tration  with  a  structure 
of  close  order  of  melts  and  the  possibility  of  forming  micro- 
groupings  in  them,  close  in  composition  rn  l  structure  to  the  mono- 
s^licide. 
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